INTRODUCTION
Africa is the center of origin and a major producer of several cereals (Macauley, 2015) . Cereals are the major dietary energy supplies and are consumed in a variety of form depending on the ethnic or religious affiliation (Idem and Showemimo, 2004) .The important cultivated cereals crops in Africa are maize, millet, rice, sorghum and wheat (Macauley,2015) . Pearl millet (Pennisetum glaucum), a hardy cereal crop compared with wheat (Triticum aestivum) and rice (Oryza sativa L.), is grown in regions characterized by relatively low rainfall owing to its ability to tolerate and survive under continuous or intermittent drought conditions (Jain and Bal, 1997) . It is a drought tolerant cereal crop grown primarily as a food grain in India and Africa (Dykes and Rooney, 2007; Hoover et al., 1996) . Because of its good performances in low-fertility soils such as semi-arid regions of Africa and Southeast Asia, Pearl millet is an important staple cereal cultivated in regions severely affected by malnutrition. It has a high nutritional value compared to others cereals and presents therefore a high potential in contributing to food and nutrition security (Shweta, 2015) . The cultivated area of millet on the African continent was estimated to 19,998,008 hectares, with annual production reaching 16,008,838 tons (FAO, 2015; Macauley and Ramadjita, 2015) . Pearl millet production ranked third among cereals in Africa. In Benin, the national production (27000 tons in 2013, USDA 2013) ranks fourth among cereals after rice, maize and sorghum. Importantly, its production ranks second in the Northern part of the country, and could therefore be a potential target for studying diversity of millets produced within Benin. Being a drought-tolerant crop, pearl millet is cultivated in the dry Northern regions of Benin under increasingly short and marginal raining seasons. It is used in various local food preparations like local porridge, cakes and traditional beverages. Previous studies showed that millet has several potential health benefits, partly attributed to its polyphenol and dietary fiber contents (Devi et al., 2014) . Depending on the country, millet is sometimes used directly in preparations Although many studies have been conducted on the plants and grains, the assessment of the nutritional factors of pearl millet varieties produced in Benin has not been performed. Furthermore, pearl millet varieties cultivated in Benin are not well documented. We devised this study to understand to what extent intake of pearl millets could contribute to food security in the Northern Benin. The aim of our study was to determine concentrations of six selected minerals (iron, zinc, magnesium, calcium, potassium) and proximate compositions of 22 varieties of pearl millet produced in Benin.
MATERIAL AND METHODS

Samples collection
A total of 22 cultivars of pearl millets were collected from two regions of Northern part of Benin Republic (Atacora-Donga and Borgou-Alibori). Following collection, the grains were washed thoroughly to remove any debris or dust particles, milled into fine powder using house blender. Table 1 presents the cultivars description along with their vernacular names and the names of the sites (villages) of provenance.
The high prices of animal foods and limited income earned in developing countries have resulted in their dependency on cereal-based preparations as staple food. Cereals such as maize, sorghum or pearl millet are often used in the production of various traditional foods and beverages in many African countries including Benin. In the republic of Benin, the nutritive value of cereals such as maize and sorghum is well documented. However, the nutritional value of pearl millet varieties produced in Benin remains to be investigated. The aim of this study was to assess the nutritional value of 22 varieties of pearl millet produced in Benin. After samples collection, the pearl millet grains were milled into fine powder and their compositions in six minerals (Na
, Fe 2+ , Zn 2+ ) and proximate (ash, dry matter, starch, protein, total and reducing sugars) were determined using standard analytical AOAC methods. Next, we assessed the relationship between these variables using the Pearson Correlation Analysis (PCA). We found that protein, total and reducing sugars levels varied widely (ranged from 1.86 to 93.4 mg/g, 178.64 to 652.54 mg/g and 16.62 to 174.22 mg/g, respectively). Additionally, we found a highly significant correlation (P<0.001) between levels of starch and amylose. Mineral levels also varied widely, with some millet cultivars being particularly enriched in iron and magnesium (levels ranged from 13.85 to 2766.31 mg/kg, and from 340.27 to 4769.9 mg/kg, respectively). Four groups of pearl millet can be distinguished based on data from the PCA: iron-rich millets (group G1), carbohydrate-rich millets (group G2), and two less nutritious millets (groups G3 and G4). This study opens new avenues for millet fortification and provides opportunity to increase farmers' awareness in selecting pearl millet varieties for reducing malnutrition. 
Proximate composition analysis
Proximate composition analysis consists of evaluation of proteins, total and reducing sugar, starch and amylose content according to the standard procedures of official method of analysis of the Association of Official Analytical Chemists (AOAC, 2000). The protein (total nitrogen) content was determined by Kjeldahl method using 6.25 as conversion constant. The total sugars were measured by spectrometry method at 492 nm using D-glucose as standard. Reducing sugars were also measured by spectrometry (Thermo Scientific Spectrophotometer, Biomate 3S, number 335904 series, 2004) method with a reagent 3.5 dinitrosalicylic acid (DNS) at 546 nm using maltose as standard. Starch content was determined by reading solution floated after preparing the (hydrolysis of starch) medium using the different pearl millet flour sample, sodium hydroxide (1 M) and chlorhydric acid (1 M) at 580 nm using BioMate TM 3S Spectrophotometer.
Mineral composition analysis
The minerals such as calcium were determined from an aliquots of the solutions obtained from ash by established flame Atomic Absorption Spectrophotometry procedures (mineralization, calibration and dosage, 2003) as described by
Kouassi et al. (2013).
Solution was prepared for each sample of variety. The sodium (Na + ) and potassium (K + ) were determined using flame photometer following the method previously described by Oboh and Oladunmoye (2007).
Statistical analysis
The results obtained were analyzed using descriptive statistics (means and standard deviation). Analysis of variance, Pearson correlation analysis and Principal Component Analysis (correlation matrix were generated to assess the correlation) were carried out using Statistical Package of Social Sciences (SPSS version 20.0).
RESULTS AND DISCUSSION
Proximate composition
The proximate composition analysis including the protein, total sugars, reducing sugars, starch and amylose content was assessed for the 22 cultivars of pearl millet. Ca 2+ ), magnesium (Mg 2+ ), iron (Fe 2+ ) and zinc (Zn 2+ ) The obtained results are presented in Table 2 below. Significant differences were observed in the proximate composition of millet samples under study. These differences were very highly significant for protein and sugar contents. It was noted that the samples collected from Borgou-Alibori region presented a best nutritional value than the samples collected from the region of Atacora-Donga. Similar findings have been reported in sorghum and millet (Almeida-Dominguez et al., 1991). These changes in the nutritional composition of the grains were found to be associated with both genetic and environmental factors (temperature, pluviometry, light intensity, physicochemical characteristics of soil, etc.)
Mineral composition
The main minerals sought in pearl millet samples were Ca 2+ , Mg and Zn 2+ . In addition to these inorganic elements, the dry matter and ash were measured and the results are presented in Table 3 . . According to Recommended Dietary Allowance (RDA), this cereal cannot cover alone needs of Ca 2+ for young children (which between 1,000 and 2,500 mg for children aged ≤ 8 years). Flour millet is also used in the feeding of young children in Benin. In Nigeria, Akeredolu et al. (2005) reported that this cereal can be used in dietary supplement to promote growth of children because of its nutrient content.
Correlation among nutritional parameters
The pearl millet and sorghum have the advantage of serving in both the nutrition of young children and adult ration where the antioxidants are very sought (Obizoba and Atii, 1994; Ragaee et al., 2006) . This characteristic depends on the mineral and nutritional composition. In this section, the correlations between variables were analyzed according to Pearson method. The table showed below presents the correlations between determined parameters (Table 4) . It is clear from this analysis that the low ash content induces the high protein content. For sugar content a significant correlation was also observed with the ash (p < 0.05). This observation is in agreement with an earlier study on grain of sorghum (Subramanian and Jambunathan, 1982). However, some authors have observed an inverse association between the protein content and starch content of grains. This relationship had already been demonstrated in sorghum by a group of researchers (Chandrashekar and Kirleis, 1988). The previous authors showed that the presence of proteins affects the starch gelatinization. The gelatinization was also influenced by the amylose content. Our study showed highly significant correlation (p < 0.001) between amylose and starch. The study conducted on rice showed that, higher is the proportion of amylose, the lower is the gelatinization and vice versa (Chung et al., 2011) . In another study, it was demonstrated that the differences between the physicochemical and nutritional parameters of starch are also a function of the structural characteristics of cultivars (Chávez-Murillo et al., 2012). In addition to starch compositions, other parameters including physicochemical compositions are also important to determine the nutritional value of a given cereal. Yet for many product it has been shown that the ash content is often correlated with carbon and minerals contents (Monti et al., 2008) . Among the minerals only iron was significantly correlated with ash (p < 0.001). Indeed all monovalent ions (K + and Na + ) and divalent ions (Fe 2+ , Ca 2+ and Zn 2+ ) analyzed in millet are negatively correlated with total sugar content (and significantly for Na + and K + that is to say, p < 0.05). Conversely, among the divalent ions, only Mg 2+ was positively correlated with the total sugar content. Likewise Fe 2+ was significantly correlated with reducing sugars (p < 0.01) and significant correlated with Zn 2+ to protein (p < 0.05). The salts are known for their influence on the rheological behavior of simple sugars. In a study performed in Sudan on millet, it has been shown that fermentation could improve the millet' protein digestibility and therefore its nutritional quality (Hag et al., 2002) . Note that in addition to iron, ash content was significantly correlated with total sugar content.
Correlation between cultivars and nutritional parameters according and Principal Components Analysis.
The analysis of the dispersion of the different variables followed by the screening of all samples following the axes 1 and 2 (Figure 1 A and B) shows that millet samples can be divided into four distinct groups. We have chosen descriptors of iron-rich millets (group G1), carbohydrate-rich millets (group G2), and two less nutritious millets (groups G3 and G4). The iron-rich group (G1) was composed of four cultivars such as CL, CE, CH and CI. In addition to iron, this group is characterized by cultivars with high levels in ash, zinc and reducing sugars. The cultivars of group G1 could be recommended for preventing anemia because of their high iron content. Also, the body requires iron for the synthesis of oxygen transport proteins, in particular hemoglobin and myoglobin, and for the formation of enzymes involved in electron transfer (McDowell, 2003) . For the zinc, it plays the important roles (structural and functional) in many macromolecules and is required for enzymatic reactions. Zinc ions participate in all aspects of intermediary metabolism, transmission, and regulation of the expression of genetic information, storage, synthesis, and action of peptide hormones and structural maintenance of chromatin and biomembranes (Meuunier et al., 2005) . The "carbohydrates" group (G2 group) is characterized by the pearl millet cultivars (CS, CO, CG, CJ, CP, CN, CQ, CF, CV, CS and CM) containing a high content of starch, amylose, total sugars, protein and dry matter. The cultivars of this group could be used in diet needing the high content in protein and sugar sources specially the child's and adolescents. They are not recommended for diabetics and older people, but they can be important in starch industry. The other cultivars are less nutritious and are classified into G3 and G4 groups. We show in this study that Benin has a diversity of cultivated pearl millets. The assessment of the nutritional value of 22 varieties of millets revealed that concentrations of major and minor nutrients like carbohydrate, proteins, sugars as well as minerals, varied widely. In general, we found no "all-in-one" variety capable of providing all potential health benefits attributed to pearl millets. In contrast, millet varieties under study were found to possess' relatively low levels of proteins and sugars, but high levels of starch, amylose, Mg 2+ , Zn 2+ , Fe 2+ . Variations in the levels of those nutrients were dependent on both millet variety and site of production. Nutrient-rich millets could be used to improve nutritive value of other local varieties produced in Benin. Finally, this study supports evidence that millet could be recommended for preventing malnutrition or dietary deficiency in populations using millet as the basic staple food, particularly children and rural farming communities. Considering the high levels of starch observed here, further studies investigating all three types of starch, and thus millet digestibility, are needed.
